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BACKGROUND

The development of novel vaccines is a technically demanding and expensive process. In recent years, a wide variety of immunoinformatics approaches have been introduced
to design effective and stable vectors. However, although these methods are useful to accelerate and reduce costs of vaccine design during the nonclinical development stage,
they cannot guide vaccine development throughout the clinical phase.

To support (the transition to) the clinical phase, we have combined immunoinformatics tools with a series of mechanistic disease models in the InSilicoVACCINE suite. These
mechanistic computational models translate the information gathered from immunoinformatics approaches to clinical level outcomes and in silico clinical trials. Here, we

demonstrate the multifaceted utility of the InSilicoVACCINE suite, showing applications in three different infectious diseases and three different vaccine development
challenges.

\/IRTUAL PATIENTS BASED ON AN AGENT-BASED MODEL

The mechanistic infectious disease models were created by
building upon the agent-based universal immune system Pathogen
simulator (UISS) framework (Figure 1). Mono- or combination therapy
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\/ACCINE DESIGN SUPPORTED BY VIRTUAL POPULATIONS
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Influenza A virtual patient COVID-19 virtual patient Tuberculosis virtual patient population
Influenza viruses circulate continuously and are a major Since it was officially declared a pandemic by the WHO Tuberculosis virtual patients describe the mycobacterium
contributor to morbidity and mortality, as their rapid in March 2020, SARS-CoV-2 has caused hundreds of tuberculosis infection in lung epithelium, as well as the
genetic dritt makes it difficult to create generic therapies millions of patients to become seriously ill. COVID-19 innate and adaptive immune system response. The
and vaccines. Influenza A virtual patients describe the virtual patients describe the infection of lung tuberculosis virtual patient population represents a
infection of lung epithelium with Influenza A and the epithelium with SARS-CoV-2 and the reaction of the diverse population and can be treated with combination
reaction of the immune system to infection, including immune system to infection, including antibody therapies to support dosing and administration schedule
antibody generation and cytokine release. Virtual patients generation and cytokine release. They can be used to design and optimize vaccine efficacy, or to run in silico
can be used for vaccine and adjuvant design. 2 optimize vaccine efficacy. 34 clinical trials for a novel vaccine °%

CONCLUSION

The examples presented herein illustrate how mechanistic models can be used effectively to complement immunoinformatics approaches in support of vaccine design. The
InSilicoVACCINE suite can be applied to streamline the transition from nonclinical to clinical development. Using these computational models, the effects of vaccine design-

related parameters, choice of adjuvants and dosing schemes can be investigated. Finally, the InSilicoVACCINE suite can be applied to set up in silico clinical trials for a wide
variety of vaccines.
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